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DRILL BIT AND METHOD OF USE 



The present invention relates to a method of removing 
a body of selected material from the interior of a casing 
extending into a borehole formed in an earth formation. 
The invention also relates to a drill bit for use in the 
method of the invention. 

When drilling a borehole in an earth formation, for 
example to create a well for exploration or production of 
mineral hydrocarbons , a steel casing is commonly set at a 
certain stage in the drilling operation in order to 
secure an already drilled section of the bore hole before 
drilling deeper. After setting the casing, a drill bit is 
run through the casing in order to reach the bottom of 
the hole where the drilling operation can be continued. 
Running the drill bit through the casing involves a risk 
of damaging the casing wall, in particular since normally 
a fresh drill bit is selected that has sharp rock 
cutters, usually in the form of shear cutters which are 
much harder than the casing steel and are even capable of 
cutting through the casing. Since a casing is generally 
intended to remain in the borehole for a long period of 
time, it is undesirable to cause casing wall damage. 

Moreover, a casing is often cemented in the borehole. 
Commonly applied cementing procedures require that some 
cement as well as auxiliary equipment such as cementing 
plugs remain inside the casing shoe. This must be drilled 
out in order to expose the bottom of the borehole for 
continued drilling. However, drilling out the remaining 
cement and auxiliary equipment from the casing involves 
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the risk of damaging the casing with the rock cutters of 
the drill bit. This is particularly so if it is desired 
to leave as little as possible remains of cement in the 
casing, for example if the lower end portion of the 
casing is to receive the upper end portion of another 
casing or liner in sealing engagement. 

Thus there is a need for an improved method of 
removing a body of selected material from the interior of 
a wellbore casing, which method overcomes the 
aforementioned problems. 

The method according to the invention thereto 
comprises: 

a) lowering a drill bit for further drilling of the 
borehole, into the casing, the drill bit having a 
longitudinal axis of rotation during operation, the drill 
bit comprising rock cutting means, at least one 
protection member for protecting the inner surface of the 
casing from contact with the rock cutting means, each 
protection member being adapted to remove said selected 
material from the interior of the casing and being 
radially movable towards the inner surface of the casing, 
and control means for applying a radially outward force 
of controlled magnitude to the protection member; 

b) rotating the drill bit in the casing; and 

c) operating the control means so as to apply said 
radially outward force of controlled magnitude to the 
protection member. 

In another aspect of the invention there is provided 
a drill bit for drilling a borehole into an earth 
formation, the drill bit being adapted to remove a body 
of selected, material from the interior of a casing 
extending into the borehole, whereby during operation the 
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drill bit has a longitudinal axis of rotation, the drill 
bit comprising rock cutting means , at least one 
protection member for protecting the inner surface of the 
casing from contact with the rock cutting means, each 
protection member being adapted to remove said selected 
material from the interior of the casing and being 
radially movable towards the inner surface of the casing, 
and control means for applying a radially outward force 
of controlled magnitude to the protection member. 

It is thereby achieved that the protection member 
prevents contact between the rock cutting means and the 
inner surface of the casing, and further that the 
protection member does not cause any damage to the inner 
surface of the casing by virtue of the protection member 
being moved radially outward at a controlled force. Thus 
the protection member removes the undesired material from 
the interior of the casing in a safe manner. 

Suitably the drill bit comprises a bit body and a 
reamer arm movable in radial direction relative to the 
axis of rotation, wherein the rock cutting means and each 
protection member are provided at the reamer arm, and 
wherein step c) comprises operating the control means so 
as to move the reamer arm in radially outward direction 
relative to the axis of rotation. 

By radially extending the reamer arm, the protection 
member scrapes against the inside wall of the casing 
thereby cleaning the casing without the risk of the rock 
cutters damaging the casing. 

Preferably the control means includes a pump for 
pumping drilling fluid to the drill bit, and wherein 
step c) comprises operating the pump so as to pump 
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drilling fluid at a controlled flow rate to the drill 
bit. 

In order to gradually remove the undesired material 
from the interior of the casing, suitably the drill bit 
is axially moved through the casing simultaneously with 
steps b) and c) . 

In an attractive embodiment the drill bit is first 
operated to drill a longitudinal bore in said body of 
selected material thereby forming an annular remainder 
portion of the body of selected material, and 
subsequently the drill bit is operated to remove the 
annular remainder portion whereby the drill bit is 
axially moved through said longitudinal bore. 

It is preferred that the protection member suddenly 
or gradually wears away when the drill bit is operated to 
further drill the borehole so that the borehole can be 
drilled with its nominal drilling diameter as dictated by 
the rock cutting means without being obstructed by the 
protection member. 

In an attractive embodiment, the protection member is 
sacrificial when it contacts the subterranean formation. 
This can be achieved for instance by providing the 
protection member with a material having a balanced wear 
resistance that is on one hand sufficiently wear 
resistant to prevent the rock cutting means to contact 
the casing inner surface and on the other hand wearable 
against the subterranean formation once the drill bit is 
outside the casing and drills the formation. 

The casing can typically be a steel casing. 

The invention will be described hereinafter in more 
detail and by way of example with reference to the 
accompanying drawings in which: 



WO 2005/052301 PCT/EP2004/053125 

- 5 - 

Fig. 1 schematically shows a drill bit for use in the 
method of the invention; 

Fig. 2 schematically shows a reamer arm of the drill 

bit; 

Fig. 3 schematically shows a first alternative reamer 
arm for use in the drill bit; 

Fig. 4 schematically shows a second alternative 
reamer arm for use in the drill bit; and 

Figs. 5a-5d show various possible arrangements of 
rock cutters and protection members on the reamer arm; 

Fig. 6 schematically shows the drill bit of Fig. 1 
lowered in a casing during an initial stage of cleaning 
the interior of the casing; 

Fig. 7 schematically shows the drill bit during a 
further stage of cleaning the interior of the casing; 

Fig. 8 schematically shows the drill bit during a yet 
further stage of cleaning the interior of the casing; and 

Fig. 9 schematically shows the lower end of the 
casing after being connected to a further casing. 

In the drawings , like reference numerals refer to 
like parts. 

Referring to Fig. 1 there is shown a drill bit 1 for 
drilling a borehole in an earth formation, the drill 
bit 1 having a longitudinal axis of rotation (indicated 
by reference sign A) during drilling. The drill bit 
includes a cylindrical bit body 2, a connector portion 4 
for connecting the drill bit 1 to a drill string (not 
shown) , a pilot bit section 6 arranged at the lower end 
of the drill bit, and reamer arms 8 which are movable 
between a radially retracted position and a radially 
extended position. Each reamer arm 8 is operable by a 
piston/cylinder assembly (not shown) incorporated in the 
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bit body 2, which is controlled by the pressure of 
drilling fluid pumped from surface into the drill string. 
Each reamer arm 8 is temporarily retained in its 
retracted position by a shear pin (not shown) which 
prevents radially outward movement of the reamer arm 8 . 
The shear pin is designed to break at a threshold fluid 
pressure exerted to the piston/cylinder assembly by 
drilling fluid pumped into the drill string. 

The reamer arm 8 is shown in more detail in Fig. 2, 
indicating a plurality of rock cutters 10 and a 
protection member 12 provided at a radially outer 
surface 14 of the reamer arm 8. The protection member 12 
protrudes radially beyond the rock cutters 10 , that is to 
say the protection member 12 is over-gauged relative to 
the nominal drilling diameter of the drill bit 1. The 
protection member 12 preferably has a blunt shape, for 
example a rounded shape or a flat shape with a chamfer. 
Thus the protection member 12 provides a standoff for the 
rock cutters 10 relative to the inner surface of the 
casing and thereby prevents the rock cutters 3 from 
damaging the casing inner surface. 

Furthermore, the protection member 12 is sufficiently 
wear-resistant to effectively clean the casing from 
undesired remains such as cement, but is of a 
significantly lower hardness than the rock cutters 10. In 
this manner it is achieved that the protection member 12 
quickly wears away during further drilling of the 
borehole with the drill bit 1 in order that the 
protection member 12 does not hamper such further 
drilling. Suitably the protection member 12 is made of 
tungsten-carbide or hardened and/or heat-treated steel. 
These materials are sufficiently wear resistant to 
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provide the desired standoff and protection of the 
casing, but vanish quickly during drilling into the rock 
formation. The degree of wear-resistance of tungsten- 
carbide can be adapted to circumstances by modifying the 
amount of cobalt in the alloy and/or by modifying the 
particle size distribution of the alloy material. An 
advantage of using steel for the protection member is the 
ability to machine the protection member as an integral 
part of the reamer arm. 

Instead of applying a protection member adapted to 
wear away during drilling into the rock formation, a 
protection member can be applied which is radially 
retractable relative to the reamer arm 8 or relative to 
the rock cutters 3. 

The protection member 12 is axially displaced from 
the rock cutters 10 in upward direction, i.e. in the 
direction opposite to the drilling direction of the drill 
bit 1. Thus the protection member 12 trails the rock 
cutters 10 and protects the casing inner surface until 
the rock cutters 10 are out of the casing during cleaning 
a lower end portion of the casing. 

In Fig. 3 is shown a first alternative embodiment of 
the reamer arm 8, whereby the reamer arm 8 is 
additionally provided with a permanent gauge-protecting 
area 14a of a hard material. 

In Fig. 4 is shown a second alternative embodiment of 
the reamer arm 8, wherein the protection member 12 is 
arranged on top of the gauge-protecting area 14a. This 
arrangement has the advantage that the reamer arm 8 can 
be of a relatively small cross-sectional dimension. 
Suitably the gauge-protecting area 14a is integrally 
formed with the protection member 12, and is formed as a 
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layered structure. As shown in the Figures , the outer 
surface of the protection member 12 has a positive 
exposure in radial and axial upward direction relative to 
the rock cutters 10 and the gauge protection. 

In Figs . 5a-5d are schematically shown various 
arrangements of the rock cutters 10 and protection 
members 12 on the outer surface 14 of the reamer arm 8. 
In the arrangements of Figs. 5a and 5b two protection 
members 12 are provided above the rock cutters 10. In 
Figs. 5c and 5d the protection member 12 is an elongate 
member, either aligned with axis of rotation A (Fig. 5c) 
or at an angle relative to axis A (Fig. 5d) . The elongate 
members are formed of cylindrical inserts having 
essentially spherical ends. 

Referring further to Fig. 6 there is shown the drill 
bit 1 connected to the lower end of a drill string 15, 
during lowering thereof in a casing 16 extending into a 
wellbore (not shown) formed in an earth formation. The 
casing 16 has a lower end section 18 (hereinafter 
referred to as "bell section") of larger internal and 
external diameter than the remainder section 19 of the 
casing 16. The bell section 18 is filled with a body of 
hardened cement 20 as a result of a cementing operation 
whereby cement is pumped via the casing into the annular 
space between the casing 16 and the borehole in order to 
fix the casing 16 in the borehole. Furthermore, a 
cementing packer 24 is arranged on top of the cement 
body 20. 

In Fig. 7 there is shown the drill bit 1 and 
casing 16 after the drill bit has been operated to drill 
a longitudinal bore 26 through the cement body 20 thereby 
defining a remaining annular cement portion 27. 
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In Fig. 8 there is shown the drill bit 1 and 
casing 16 during cleaning the interior of the casing 16 
from the annular cement portion 27 and any remains of the 
cementing packer 24- 

In Fig. 9 there is shown the bell section 18 after 
being cleaned with the method of the invention, and 
wherein a further casing 28 extends into the bell 
section 18. The further casing 28 has been radially 
expanded against the inner surface of the bell section 18 
using a known expansion technique. 

During normal operation the drill bit 1 is lowered 
into the casing 16 (Fig. 6) with the reamer arms retained 
in their retracted positions by the respective shear 
pins. Upon contacting the cementing packer 24, the drill 
string 15 is rotated whereby the pilot bit section 6 
drills out the cementing packer 24, and furthermore 
drills through the cement body 20 to create the 
longitudinal bore 26. 

The drill string 15 is then further lowered until the 
drill bit extends below the bell section 18 of the 
casing 16 (Fig. 7) . Subsequently the pump rate of 
drilling fluid is temporarily increased in order to break 
the shear pins and thereby to allow the reamer arms 8 to 
move radially outward. 

In a next step the pump rate is maintained at a level 
whereby each piston/cylinder assembly exerts a moderate 
radially outward force to the respective reamer arm 8 . 
The drill string is simultaneously rotated and gradually 
moved upwardly. As the drill bit 1 moves upwardly through 
the longitudinal bore 16, the rock cutters 10 enlarge the 
longitudinal bore 16 and the protection members 12 of the 
respective reamer arms 8 scrape against the annular 
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cement portion 27 which is thereby gradually removed. 
Since the force at which the protection members 12 are 
pushed radially outward is controlled at a moderate 
magnitude , there is no risk of significant damage to the 
inner surface of the casing 16 due to the scraping action 
of the protection members 12. At the same time the 
protection members 12 , by virtue of their radial 
standoff, prevent the sharp rock cutters 10 to contact 
the casing 16. 

Thus, the drill bit of the invention is particularly 
advantageous cleaning a casing shoe from cement remnants. 
The pilot bit section and/or the rock cutters of the 
reamer arras drill out a major part of the body of cement, 
and the protection members clean the inner surface of the 
casing in a safe manner by virtue of the standoff between 
the rock cutters and the casing wall. The protection 
member is suitably formed as a blunt cutting element. 
Also, the protection member can be formed as a scraper. 

In an alternative mode of operation, the drill bit is 
lowered through the casing until the wiper plug (if 
p resen t) or the cement body is reached. Drilling out is 
then started with the reamer arms in their retracted 
position until the bell section of the casing is reached. 
The drilling fluid pressure is then increased to above 
the selected pressure so as to break the shear pins and 
to allow the reamer arms to move radially outward. The 
protection members thereby engage with the bell section 
so as to clean the bell section from cement remnants. 
When the drill bit finally moves to below the casing bell 
section, the reamer arms can optionally be fully expanded 
in order to further drill and/or ream the borehole. 



WO 2005/052301 



- 11 - 



PCT/EP2004/053125 



During such further drilling the protection members 
contact the subterranean rock formation and thereby wear 
at a high wear-rate so that possible negative effects of 
the purposively poor cutting properties of the protection 
members on the drilling performance , is mitigated. 

An advantage of the alternative mode of operation 
over the normal mode of operation described with 
reference to Figs. 6-8, relates to the potential risk of 
damage to the transition section of the casing between 
the bell section and the remainder casing section during 
the normal mode of operation. The transition section 
converges to a smaller diameter in upward direction. Such 
damage can be caused by the protection members as these 
move from the bell section into the remainder casing 
section if the protection members have somewhat sharp 
edges due to minor wear of the protection members during 
cleaning of the bell section. 



